In order to correctly describe the physical, chemical and biological properties of 123 SiHAs and to compare them to routinely implanted HA and β-TCP, well-characterized pure 124 SiHAs powders first need to be prepared. Therefore, this work was devoted to the a silica gel through the hydrolysis and condensation of this precursor. First, the alkoxide 148 groups (Si-OEt) of TEOS were hydrolyzed to silanol groups (Si-OH [82] in solution as the main phosphate and silicate species, respectively. The 184 studied parameters are listed in Table 1 .
185
The as-synthesized powders were heated under air using an alumina crucible. Aliquots
186
of each sample were calcined both at 400°C for 2 h (designated hereafter as "raw powders"),
187
in order to remove synthesis residues, and at 1000°C for 15 h under air according to ISO norm 188 13779-3 in order to characterize powders with a well-defined structure. The heating and 189 cooling rate was fixed at 4°C min -1 .
190

Powder characterization 191
X-ray powder diffraction and Rietveld refinement 192
Crystalline phases were identified by means of a Siemens D5000 θ/2θ X-ray diffractometer parameters were taken as a = 9.42Å and c = 6.88Å.
206
The evolution of the crystallinity of the samples after calcination at 1000°C for 15 h 207 was evaluated by means of the full width at half maximum (FWHM) of the (211) 
289
The XRD patterns indicate that whatever the amount of silicon ranging between 0 ≤ 290 wt%Si ≤ 3.51 (or 0 ≤ y ≤ 1.25), the crystalline phase of the precipitates is a hydroxyapatite
291
(PDF 09-432). Thereby, silicon can be incorporated in the apatitic structure, or in an 292 amorphous phase or in both phases. However, only precipitates containing up to 2.81 wt%Si
293
(or y = 1.00) are thermally stable at 1000°C for 15 h. Refinement was performed on monophased heat-treated powders (0 ≤ y ≤ 1.00). The results, 296 displayed in Table 3 , reveal changes in the apatitic structure parameters. The Si substitution 297 causes c-axis and unit cell volume expansion as well as a reduction in the mean crystallite 298 size. The same observation was reported in other studies [10, 17, 32, 70, 85] . On the other 299 hand, and in contrast to the linear increase of the lattice parameter c with an increasing 300 amount of Si, the a lattice parameter fluctuates at random between 9.416 Å and 9.428 Å.
301
These results highlight that all or part of the silicon is incorporated into the apatitic structure. 
Elemental analysis
303
The experimental Ca/(P+Si) molar ratios of the final calcined powders are presented in Table   304 1. Values are in accordance with the expected ones ( 
Electron microscopy
312
A low magnification bright-field image of heat-treated Si 1.00 HA particles is shown in Fig. 4a .
313
SiHA powders are composed of round particles, smaller than 100 nm in diameter for 314 Si 1.00 HA, whereas the HA powder shows bigger acicular crystals [86] . At higher 315 magnification, grains do not present any dislocation or disorder within the central region. respectively, the c/a ratio was calculated as follows: shown in Fig. 6a . The spectra present a main narrow peak which corresponds to the single P 341 site of hydroxyapatite [88] , and whose position shifts to higher frequencies with increasing the apatite structure leads to the formation of "proton pairs" stabilized by a hydrogen bond.
372
The intensity of this proton position is higher in SiHA samples than in HA, but does not seem
373
to be an exclusive function of the Si content (see Fig. 6b) and ν 4 ), and the stretching (ν S ) and librational (ν L ) modes of the hydroxide groups [81, [92] [93] [94] .
423
The intensity of the latter, at 630 cm -1 (ν L ) and 3570 cm -1 (ν S ), clearly decreased with the 424 amount of silicon. These results confirm that the as-synthesized precipitates exhibit the 425 hydroxyapatite phase, regardless of the amount of silicon ranging between 0 ≤ wt%Si ≤ _3.51
426
(or 0 ≤ y ≤ 1.25), as observed on the diffractograms (Fig. 2) . A more accurate description of 427 the infrared spectra of the as-synthesized SiHA powders is available in a complementary 428 article [95] . [52, 96] . This result is complementary to the X-ray diffraction pattern (Fig. 3) could be attributed to β-TCP, which exhibits a symmetric P-O stretching mode ν 1 at 945 cm reported at 950 cm -1 (see Table 4 ), shifted toward lower frequencies due to hydrogen bonding [108, 109] . They determined that the apatitic structure appears only when at least 25% of the 511 OH -positions along the channels are really occupied. In other words, the apatitic structure 512 appears when V OH < 1.5. Therefore, the theoretical maximum limit of incorporation of Si into 513 a hexagonal apatitic structure is y < 
